During 1983 a severe episode of respiratory infection occurred in a marmoset colony at these laboratories. Of 91 marmosets, 69 showed clinical signs of disease, one died and nine were so ill that euthanasia was necessary. Eight were examined post mortem and all showed consolidation of the lungs. Laboratory studies were carried out in an attempt to establish the cause of the outbreak and an interstitial pneumonia was found in seven animals which were examined histologically.
Summary
During 1983 a severe episode of respiratory infection occurred in a marmoset colony at these laboratories. Of 91 marmosets, 69 showed clinical signs of disease, one died and nine were so ill that euthanasia was necessary. Eight were examined post mortem and all showed consolidation of the lungs. Laboratory studies were carried out in an attempt to establish the cause of the outbreak and an interstitial pneumonia was found in seven animals which were examined histologically.
Direct electron microscopy of nasal swabs and lung samples revealed the presence of a high titre of a paramyxovirus, and subsequent immunofluorescence studies established that the particular paramyxovirus involved was parainfluenza virus type I. Subsequent studies showed that surviving affected animals had seroconverted to parainfluenza I virus while animals that had not been implicated in the outbreak had not.
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It has become accepted that for many viral conditions it is impossible to fulfil Koch's postulates completely. often because it is not possible to grow the virus in the laboratory. I n these circumstances it is usually accepted that, if the presence of virus can be identified in infected individuals and if it can then be demonstrated that other individuals who have experienced the disease have seroconverted to it, there is sufficient proof to implicate the virus involved.
During 1983 a severe episode of respiratory infection occurred in a marmoset colony at these laboratories.
Laboratory studies showed the presence by electron microscopy of large numbers of paramyxovirus in all animals examined. Immunofluorescence established the particular paramyxovirus as parainfluenza type I and later serology showed that all animals examined that had experi-Received 4 February /985. Accepted 25 Ocrober /985. enced the illness had seroconverted to parainfluenza vi rus type 1.
Materials and methods

Animals
The 91 normal stock marmosets (44 males, 47 females) being held at the time of the disease outbreak had been obtained from three different breeding colonies between November 1980 and October 1982. During this time they remained healthy and were housed in cages in pairs of the same sex or singly, with one supply source per room; the entire colony was distributed in eight rooms. Fresh animals arriving from the suppliers were quarantined in separate rooms. On 10 March 1983 the whole colony was transferred to another building where all were housed in one large room. In both buildings the colony was isolated from other animals, and staff employed to look after the marmosets did not normally handle other species. In emergencies, when staff did handle other species, there was a routine of showering and clothing change. Also. on a social basis. there was contact between, for example, workers handling rodents and those attending to the marmosets.
Description of olllbreak
On 1 March 1983 one marmoset showed signs of upper respiratory disease and was treated with antibiotics.
On 8 March its condition had deteriorated and euthanasia was carried out. On 22 March one animal was found dead without having shown any previous signs of illness. The remaining animals appeared healthy except for three with a slight nasal discharge but by the next day it was evident that there was a major disease outbreak. Three marmosets became moribund and were destroyed while a further 19 were showing clinical signs including sneezing, ocular and nasal discharge, depression and anorexia. The numbers affected rose rapidly from this level to a peak incidence on 25 March when 38 showed signs of disease. Euthanasia was carried out on five marmosets between 24 March and 1 April after which there were no further deaths. Altogether 69 animals were involved. The number affected dropped rapidly after 25 March until, on 20 April, all 81 surviving animals appeared normal.
From 23 March affected animals were treated with ampicillin (Penbritin: Beecham Health, Brentford, Middlesex). On 24 March all of the colony were inoculated with half the normal dog dose of canine distemper vaccine (Epivax 0: The Wellcome Foundation Ltd, Crewe, Cheshire). When it became evident that a major disease outbreak was present the affected colony was isolated and the handling precautions taken were such that no spread occurred to animals housed in other rooms or other buildings on the same site (including the main breeding colony of marmosets).
Investigation of outbreak
Post-mortem examination. The marmoset which died and seven out of nine which were so ill that it was necessary to carry out euthanasia were submitted to gross post-mortem examination. Two remaining animals which died towards the end of the outbreak were not necropsied.
Histopathology. Tissues of seven animals showing pathological change at necropsy were fixed in 10% formal saline and processed as usual for light microscope examination.
Bacteriology. Nasal swabs and lung tissue were submitted for bacteriological examination by standard techniques.
Virology. Specimens submitted for virological examination were similar to those supplied for bacteriological examination.
Electron microscopy. Nasal swabs from one living animal and lung tissue and nasal swabs from three carcasses were processed for examination by the negative staining technique as follows. The heads of swabs were broken off and placed in a clinical centrifuge tube that contained 2 ml phosphate buffered saline (PBS); the tube was then closed with a screw cap and a suspension obtained by use of a rotary mixer for 1-2 min. The supernatant from this procedure was removed and 500 III were placed in another tube and centrifuged for 1 hat 15 OOOg. The supernatant was discarded and the pellet was used for negative staining in the manner to be described.
A 10% suspension of lung tissue was made by using a Tenbroek type glass-Teflon homogenizer with PBS as the diluent. The resulting suspension was clarified using a bench centrifuge at 15 OOOg for 10 min and the supernatant was removed. As before, 500 III of this supernatant was centrifuged Sutherland, Almeida, Gardner, Skarpa & Stanton for 1 h at 15 OOOg and the subsequent pellet used for negative staining.
The method used for negative staining has been described fully elsewhere (Almeida, 1980) but, briefly, the pellet is resuspended in a small volume of distilled water and an aliquot of the suspension so formed is mixed with an equal quantity of 4% phosphotungstic acid adjusted to pH 6. A drop of this final mixture is placed on a 400 mesh microscope grid, excess fluid is withdrawn and the specimen is examined immediately in a Philips 300 electron microscope.
Immunofluorescence. Fragments of infected lungs (1 mm 3 ) were used to make smear preparations by compressing them between two slides. Slides with suitable spreads of cellular material were fixed for 10 min in ice-cold acetone and allowed to dry. Fluorescent antibody staining was carried out by allowing the smears to react with a range of antibodies to known respiratory viruses. These included influenza types A and B, parainfluenza types I and III, respiratory syncytial virus, adenovirus and measles virus. After half an hour the antisera were removed, the slides carefuly washed and a fluorescein-tagged anti-species globulin added. In the present study some of the primary anti-viral globulins were of chicken origin and a fluoresceinlabelled rabbit anti-chicken serum was used as the conjugate; the other primary reagents were of bovine origin and a sheep anti-bovine conjugate was used for these. The conjugate was allowed to react for half an hour and then was carefully washed off. The slides were not mounted but were examined under oil immersion by ultraviolet (UV) light (Gardner & McQuillan, 1980) . Serology. Sera from six control, unaffected, animals and from six marmosets that had recovered from the illness were examined for the presence of antibody to parainfluenza I and III viruses. This was done by using an immunofluorescence technique. Slides with cells infected with parainfluenza virus type I or type III were acetone fixed and used as the substrate for this test. Serial dilutions of marmoset sera were made and these were applied to the substrate slides. After half an hour the slides were carefully washed and a fluorescein-conjugated anti-human serum (which also works for simian globulin) was added. This was allowed to react for half an hour and the slides were rewashed. They were then allowed to dry in air and examined by UV microscopy and a fluorescence end-point was obtained.
Results
Post-mortem findings
In all eight animals examined there was evidence of a nasal discharge, mainly serous but in some cases purulent.
There was extensive congestion and/or consolidation in the lungs of all cadavers and frothy exudate in the airways of some. No other significant abnormalities were detected.
Histopathology
There was an acute interstitial pneumonia in all seven animals examined.
Details will be reported elsewhere.
Bacteriology
Staphylococcus aureus, haemolytic Fscherichia coli, Proteus mirabilis, Klebsiella pneumoniae and Neisseria spp. were isolated from nasal swabs. No organisms were cultured from the lungs except for one isolation of Klebsiella pneumoniae.
Virology
Electron microscopy. In every case examined material from both nasal swabs and lung tissue contained high titres of viral structures typical of the paramyxovirus group. Morphologically this group has particles that are membrane bound with a distinctive internal component that is helical in nature (Matthews, 1982) . The membrane of the virus is cell derived but virally altered. Visually this alteration is seen as distinctive projections on the viral surface. Fig. 1 shows a typical virus particle from a nasal swab. The internal helical material can be seen spilling from the particle which is disrupted.
An interesting feature of the negative staining was that in the lung homogenate material the specimen contained large amounts of the helical component alone (Fig. 2) . This implies that a great deal of virus synthesis had occurred but not all of the viral components had been incorporated into mature particles.
Immunofluorescence. When examined under the UV microscope only those smears that had been reacted with parainfluenza virus type I antiserum showed positive f1uroescence. This accorded well with the electron microscopy findings as parainfluenza I is a paramyxovirus (Fig. 3) .
Serology. Whereas sera from animals that had been exposed to infection contained significant amounts of antibody to parainfluenza type I, sera from animals not in contact were all seronegative (Table 1 ).
Discussion
For many viral conditions for which it is impossible to fulfil Koch's postulates completely, it is usually accepted that there is sufficient proof to implicate the virus involved if the presence of virus can be 123 identified in infected individuals and if it can then be demonstrated that other individuals who have experienced the disease have seroconverted to it. In the present study electron microscopy showed the presence of a high titre of a para myxovirus in all animals examined and immunofluorescence established the particular paramyxovirus as parainfluenza type I. Subsequent serology showed that all animals examined that had experienced the illness had seroconverted to parainfluenza virus type I. Therefore, while falling short of the ideal, our findings offer substantial proof that the outbreak of respiratory disease in a marmoset colony was caused by parainfluenza I. Further evidence is offered by the fact that Flecknell et al. (1983) also described an outbreak of respiratory infection among marmosets which was caused by parainfluenza virus type I. The electron microscopy finding of a virus aetiology for the outbreak was made on the same day as the first post-mortem examinations were done. This knowledge influenced the handling of the outbreak and the identification of a paramyxovirus indicated that measles might be the cause. Levy and Mikovic (1971) reported on a serious. outbreak of measles in three species of marmoset including Callithrix jacchus. It is known that there is an antigenic relationship between the viruses of canine distemper and measles (Adams & Imagawa, 1957) and Tribe (1978) used canine distemper antigen successfully to control measles in C. jacchus. This was the reason for the use of distemper vaccine. However, subsequent findings showed that the agent involved was not measles but parainfluenza virus. The step from viruses, measles, mumps, canine distemper and Newcast]e disease virus. It was therefore possible to screen the specimens for the most likely viruses which were the parainfluenzas and measles, in this way narrowing the amount of work to be done.
Ampicillin was given to sick animals and bacterial infection was present in the lungs of only one of the animals examined post mortem. It could be argued, therefore, that the use of antibiotics had limited the effects of secondary bacterial infection.
The transfer of the animals from one building to another and the gathering together of separate groups in one room may well have been factors in precipitating the outbreak. Shipping fever in young cattle which is also a respiratory disease often occurs after the stress of transport from one farm to another and has been associated with parainfluenza III virus infection (Hoerlein et al., 1959) .
Another interesting aspect of the outbreak was the source of the parainfluenza virus. This virus also infects man and in adults produces only mild respiratory symptoms. One source then could be a handler with such a mild illness that he was either unaware of it or thought it sufficiently unimportant that it was not reported.
Alternatively, parainfluenza type I and Sendai virus are, for most practical purposes, the same virus although very small antigenic differences do exist (Matthews, 1982) . It was known that, at the time of the outbreak, Sendai virus had been found in rodents held on the same site. No direct contact existed between either the housing or the staff of the infected rodent colonies and the marmoset colonies but it is still possible that cross-contamination did occur, perhaps mediated by social contact between animal handlers, and that the outbreak was caused by Sendai virus of rodent origin. This point cannot now be resolved but since the two viruses are almost identical it would appear that marmosets are at risk of infection both from humans who may have a very mild respiratory infection or from rodents who are endemically carrying Sendai virus. The histopathological findings which will be presented in detail elsewhere showed that in marmosets parainfluenza virus gives rise to interstitial pneumonia.
In addition, since this is the second report of serious illness in marmosets caused by parainfluenza virus it could be one more virus for which a vaccine is needed. The vaccine now available for rats should perhaps be developed for use in the marmoset.
An interesting aspect of the present study is that the techniques of rapid virus diagnosis now being applied to human medicine allowed a speedy diagnosis to be made in the present instance (WHO, 1981) .
